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Scientific Goals

Phased program for comprehensive characterization of LArTPC

performance for the range of energies relevant to upcoming
experiments like MicroBooNE and LBNE

Phase-I: Modified ArgoNeuT detector

Single-track calibration (recombination & charge-to-energy calibration)
Experimental measurement of e/ gamma dicrimination

Optimization of particle ID methods

Development of criteria for u charge sign determination

Phase-II: Larger volume TPC (TBD)

Reconstruction of collective topologies (detected-to-incident energy calibration)
Characterization of EM and hadronic showers
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Timeline

MicroBooNE construction &
installation

LArIAT Phase |

Data-taking and analysis
Pilot
run | Physics Run | |Physics Run Il

Install

LArIAT Phase Il

design, construction, data-taking and analysis

| | | | | | | | | | | |

I I [ | l I I I I I i >
Winter Spring Summer Fall Winter Spring Summer Fall Winter Spring Summer Fall
2012 2013 2013 2013 2013 2014 2014 2014 2014 2015 2015 2015

LBNE milestone:
CD-1 review

LBNE milestone:
CD-2 approval
(Spring 2016)
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Single ‘Track Calibratio

Precisely establish relationship

betweendonization chargecollected at
TPC wiiﬁy deposited’in
LAr by incident particles of different
types and stopping powers.

Below 15 MeV/ew, Birks parameterization well-validated;
above "195-20 MeV/ewm data from ICARUS coswic ray
measurements, but sparse and statistically limited.

Birks law parameterization from NIM A523 (2004) 275

EF=500 V/cm

With 250-2000 MeV beam of particles that penetrate and stop in TPC,

can determine calibration for:
+ Extended range of energy deposition (dE/dx)

+ Different E field values (~0.3-1.0 kV /cm range, typ. LArTPC operation)

* Ditferent track-to-electric field angles

Goal: Provide to MicroBooNE (LArSoft) verification of parameterization or
tables of ionization charge vs. enerqy deposited for each measured setting.
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e/y Shower Separation

Corrected De/Dx first 2.4 cm preliminary

Separation efficiency and sample purity -

of electron-induced ¢s. photon-induced : 1‘

showers never experimentally 0

measured. 2: l[

Initial part of shower 1s relevant for separation ‘::»_ i

(y converts to e'e” pair w/double 1onization at S P B P e O P

shower start).

MC Simulation in LArlAT

EM shower (1.5 GeV) .
o P

e (2 GeV)
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Optimization of PID Methods

Collection Plane Wire Number
] 50 10 150 200

ArgoNeuT data: stoppng proton
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N
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5 — roton Single track calibration + 3D imaging
> 35 )

2 — Pion :

S Muon = dE/dx vs. residual range

G

w25

©

High-statistics test beam data will allow
experimental determination of:

Proton ID, p/K separation and purity / rejection factor
Kaon ID, K/ 7t/ separation and purity / rejection factor

i
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w Charge Sign Determination

Sign selection without magnetic field can be done by statistical analysis based on

topological criteria.
ut only undergo decay

w capture on nuclei (75%, followed by vy or n emission) or decay (25%)

Systematic study of
capture in Ar and LArTPC
sign-selection capabilities
have not been explored
before.
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EM & Hadronie Showers

EM energy deposition mechanism is very well understood
(MC simulations are very reliable)

However, in LLAr, a substantial fraction of the incident energy
(~30%, depending on incident energy) goes into soft electrons

(<2 MeV)

How well can the incident energy be reconstructed?

Hadronic showers are more complicated (develop on Ay
scale rather than Xg scale, Ay ~ 5Xg). Containment more

ditficult.

Fraction of energy goes to:
EM: fluctuates and 1s E-dependent (never measured in LAr)
Soft neutrons: few tens of neutrons per GeV (~10%)
Undetectable: fraction not well known (~10%?)
Need to measure energy-dependent calibration constants for pions 1
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Fermilab lest Beam Facility

http://www-ppd.fnal.gov/MTBF-w/

FTBF here. Zoom in next slide.

/ MTest and MCenter configurable for:

Primary beam
Proton Mode: ~66-120 GeV protons

Main Injector

_,\/),.—-———//

MISSION Tevatror Secondary beam
The goal of the Fermilab Test Pion Mode: 8-66 GeV beam
Beam Program is to provide Low Energy Pion Mode: 1-32 GeV beam
flexible, equal, and open access to Muon Mode: Same energy range as above
test beams for all detector tests, .
with relatively low bureaucratic Tertlary beam
head and tee of :
OvEIneac ane @ Suarantee o Low Energy Pion Mode: 200 MeV - 3 GeV

safety, coordination, and
oversight.


http://www-ppd.fnal.gov/MTBF-w/
http://www-ppd.fnal.gov/MTBF-w/
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Closer L()()lg at F'TBF

E MT4 Target: 30cm Al é‘ g
3 MT6 Absorbers: 1.5m -
gl B
- [~ o
MT1 Target: 25cm Al |lL” Loz
=
! o2 /c:ﬁ
o\
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MCenter Beamline

1
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ZSN
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ESN
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2

"W
1SeanN

QPRI UOs

(8o

MCenter

MTest

Continue to use for
short-term experiments
(few weeks to months)

ng )

Create a facility for long-term LAr calibration and
R&D with “generic” cryogenic plant in MC7/8

that will service upcoming experiments (LArIAT-I
and -1I) and any future LAr R&D in this beam.
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Closer l.ook at M(C7/
.a 7550 _ _
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Recent Progress for Phase-1:

* Beamline layout

+ Triggering schemes

* Cryostat preparations
+ PMT’s and Light Yield
* Readout Electronics

+ TPC simulation & Reconstruction

14
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Beam Opties Layout

8GeV Target
Proton / Steel Collimator
beam > @ 16° Wire Chambers

\///
L3

Large-Aperture
Bending Magnets /

T1 Window
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Beam Opties Layout

8GeV Target
Proton / Steel Collimator
beam 3 @ 16° Wire Chambers

T1 Window

25//
quadrupole /
pair / .'
/
Large-Aperture /

Bending Magnets
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lestbeam Triggering

Poss. Inputs

Time of Flight | . '
Minerva Testbeam instrumentation
Cherenkov and studying / preparing additional:
* Cherenkov electron-tagger
Bl vato “ momentum fit (wire chambers)
Trigger
PMTS Coﬁﬁter
Punchthrough I 1
Beamspﬂl Trigger Cherenkov I
Counter Counter
Bend Magnets Hole Veto Veto

Counter Counter
DAQ busy o .

17
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Cryostat Modifications

Work being done at PHPK

Drainage port: underside
LAr Excluder: upstream side

PMT feedthrough: side

MODIFICATION D2

A0 CUSOT 233 10 exuTng Farged Mread

18
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Light Readout lests

Submerge-operation teststand

cryostat
o PMT’s delivered, working well
(filtered)
inner dewar Optical simulation
LAr

(thermal bath)

Photomultiplier
tubes (PMTs)

G10 box
(~ 17x17x25 cm?)

19
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Readout Electronics

LATIAT can re-use Argoneut electronics:
Proven and ready

Improved signal / noise available with MicroBooNE cold electronics
(as developed for Long Bo) [Only funds are lacking]

Moaodification of MSU motherboard
with BNL — ASIC mezzanine card

ASIC goes here

20
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Simulation & Reconstruction

Modified cryostat
geometry now in Geant

= Monte Carlo is Argoneut
with this geometry change.

210
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Summary

LArIA'T scientific goals:

* Direct/experimental proof of e/y separation in LArTPCs

e Detailled measurements of recombination factors
p, K, m, u PID and accurate calorimetry

* Direct measurement of energy resolutions
for EM and hadronic showers
* Fine-tuning software for offline analysis

Phase-1 effort 1s well underway
Working hard to be ready for beam startup (Summer 2013

Phase-1l simulation & planning has begun

Plenty of opportunities for new members to contribute! -
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Thank You!

28
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Backup Matenral Follows

24
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Argoneut at M7/

ArgoNeuT gaseous Ar recirculation system

(40.58” taller than MC7 ceiling height, must be modified) |
271.99; ‘ /
B ||z 28 272,000 (3275853 258.000
é R 3 [22-8.00"] / . [217=6]
AV IR
J Taller ceiling section :
(1iigm
| s
- E p—— — T= = —&— ¥ — =
D
‘ : C‘ ]
| I 1 . * C
20 437 : / 6”"9] 192.00
- 1o ! 4'1'3,\- 475/'1 o ArgoNeuT stand, must be shortened [(16°-0")
' - U / o “g . . .
to position center of TPC in beamline
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Target and Shielding

i b S
. " =

_— "~""'~‘:\'
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Cryogenics and LAr Purification

“Generic” purification system
under discussion/design now.
Plan to be reusable tor Phase-II
‘and any other future needs)

2%
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Detailed Beam Spill Structure

One Batch from the booster in the Ml
data from the resistive wall monitor in the Ml
this is a set of data during acceleration

MI RTD720

200

175

150

125

100

75

0 500 1000 1500 2000 2500 3000 3500 4000
Scan 90 Ml cycle 80 at .90 sec File rdoz80tI0b.his
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lestbeam 'Irigeering Progress

Existing DAQ crate controllers

Trigger out

already accommodate an mput TPC
signal to trigger on the neutrino Crate 1
beam spill and/or internal PM'I mii
signals

TPC
Feed information from beam ToF Crate 2
counters, Cherenkov counters, ‘
PMTs in vessel, & veto counters
into 12-bit digitizer. @ PMTs

Digitizer will discriminate signals

by pulse shape, then send fast

logic pulses to FPGA-equipped

logic module to test for one or

more trigger conditions & enable

FEM readout TOF VETO



Jason St. John - U. Cincinnati - LAr TPC R&D Workshop - FNAL 2013.03.20-21

lestbeam 'Iriggering Progress

Time of Flight
Cher enkOV Trigger
Counter
Halo veto I l
I
PMTS Trigger Cherenkov I
Counter Counter
T1 Bend Magnets Hole Veto Veto
Punchthrough Counter Counter
| V2

30
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lestbeam 'Iriggering Progress

Beamspill, pileup, busy signal

Tl Long  Delayed Veto T1 Long

i .
V1 Long
vz .
Good Beam
V1 [
Prompt Veto
¢ - T -: Computer Busy
|
T1 :_ L Trigger
™ Isolated

Good Beam

Beam Beam

Sl
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Mod fQP Scintillation Light Collection

Reflector foil, TPB coated
lining onto field cage walls

SCINTILLATION CONNECTION PORT - OUTER FLANGE VIEW SCINTILLATION CONNECTION PORT - INNER FLANGE VIEW

2 cryogenic PMTS

er— - one 3”7 high QE (30%)
(attaches 10 existing N3 access port) o " I_ﬁ RTF‘C
- one 27 standard QE (20%)

+ WLS reflector foil lining TPC

scmm CAEN digitizer readout

Large light signal due to reflector foil
Precise calorimetry (although poor position resolution)

CF Bolted Covers 182 S < Flarews 182 RS

Pulse shape discrim of minimum- vs. highly-ionizing particles
MODIFICATION 03 This feature has never been explored with [LAr v detectors

Add removatie nstrument port

32



i avalable in the test beams... even a very o rde....

low momentum anti_p may allow the first study of hadron star topology
from anti_p-p annihilation at rest in Argon (anti-p-Ar reaction).

» Characterization of Antiproton Stars in Ar

T, 719, K=,.. multiplicity in hadron stars can be accurately determined with LAr imaging detector.
This information is considered very relevant for nnbar-oscillation search with future large LArTPC
detectors.
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Antiproton Star Observed in Emulsion®

0. Caavpereay, W, W, Caore, G. Gorouaser, E. Secee, Axn
C. Weoaxp, Radiciion Labasatory, Depariment of Physics,
University of Californis, Berkeley, California
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E. Axacor, G. Barow, C. Castacyory, C. Faanzivertr, axo SlmuldtIOH Of Alltlpl‘OtOl‘l Stdl‘ in I_Al'
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Istitudo Nasionale di Fisico Nugleare,
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